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A study was initiated in the eastern Cape forests, just alter the severe drought which ended in July 1983. The 
relative importance, survival and recovery of deciduous and evergreen species were studied on seven sites 
which covered an environmental gradient between the East London coast and the inland Amatole mountain 
complex. Seventy tree species were recorded of which twelve were deciduous and eight semi-deciduous. 
The results show no relationship between percentage deciduousness and temperatu re (attitude), soil 
moisture (pH) or soil fertility (available phosphorus). The coastal and the lowland sites were most adversely 
affected. Of the 236 trees which initially showed some drought impact, only 47 were dead after 40 months, 
and 45 of these had been evergreen trees. Leaves of most evergreen species died while they remained 
attached to the branches, including the rare endemic Umtiza listeriana. The evergreen Buxus macowanii in 
the coastal site was not affected by the drought, but was severely defoliated by a Pafpita species (Lepi-
doptera), after which some trees and most of the saplings died. Most deciduous and semi-deciduous trees 
were not affected by the drought, and flushed and flowered shortly after the first rains. There are slight 
indications of better growth in deciduous than in evergreen trees. The deciduous Ptaeroxyfon obfiquum 
showed the most marked positive response in the coastal site. After seven months it s seed lings covered the 
bare forest floor under the defoliated trees of Buxus macowanii, of which 35% are still surviving after eight 
years. The extreme drought was an important disturbance factor in the dynamics of the forests, and changed 
the floristic and structural composition of the Umtiza and Pirie forests, which may influence the future canopy 
dominance of the forest in favour of deciduous species. 
'n Studie is in die Oos-Kaapse woude begin, aan die einde van die strawwe droogte wat in Julie 1983 
beeindig is. Die relatiewe belangrikheid, oorlewing en herstel van bladwisselende en immergroen boomsoorte 
is op sewe studiegebiede langs 'n omgewingsgradient tussen die Oos-Londonse kus en die binnelandse 
Amatole bergkompleks bestudeer. Sewentig boomsoorte is aangeteken wat twaalf b ladwisselende en agt 
semi-bladwisselende soorte ingesluit het. Die resultate toon geen verband tussen persentasie bladwisselend-
heid en temperatuur (hoogte bo seespieel}, grondvog (pH} of grondvrugbaarheid (beskikbare fosfor) nie. Die 
woude naby die kus en in die laaglande naby die berge is die nadeligste be"invloed. Van die 236 borne wat 
aanvanklik 'n mate van droogte-invloed getoon het, is slegs 47 na 40 maande dood, waarvan 45 immergroen 
borne was. Die blare van die meeste immergroen boomsoorte, insluitende die skaars endemiese Umtiza 
fisteriana, het aan die boom verdroog. Die immergroen Buxus macowanii in die kusgebied is nie deur die 
droogte be"invloed nie, maar is deur 'n Pafpita spesies (Lepidoptera} grootliks ontblaar, waarna sommige van 
die borne en die meeste klein boompies dood is. Die meeste van die bladwisselende en semi-bladwisselende 
borne is nie deur die droogte be"invloed nie, en het kart na die eerste reens nuwe blare gevorm en geblom. 
Daar is ook aanduidings van bater groei in bladwisselende as in immergroen borne. Die bladwisselende 
Ptaeroxyfon ob/iquum het die mees beduidende reaksie in die kusgebied getoon. Na sewe maande het sy 
saailinge die oop grondvloer onder die ontblaarde Buxus macowanii bedek, waarvan 35% na agt jaar nog 
oorleef. Die strawwe droogte was 'n belangrike versteuringslaktor in die woude, en het die floristiese en 
strukturele samestelling van die Umtiza en Pirie woude verander, wat die toekomstige kroonoorheersing ten 
gunste van bladwisselende soorte kan be"invloed. 
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Introduction 
During 1982/83, the eastern Cape experienced an ab-
normally long and intense drought, which is considered by 
some to be a 1 :200-year drought (Grindley 1988). Trees, 
including evergreen species, in forests of the Amatolc 
mountain complex and along the river valleys near the coast 
lost their leaves. In places the forest canopy was sparse 
owing to leaf loss or appeared brown owing to many trees 
bearing dead leaves. This offered an opportunity to test the 
hypothesis that deciduous species arc better adapted than 
evergreen species to survive severe droughts, to gain 
competitive advantage over evergreen species after the 
drought, and to occupy the gaps caused by mortality of 
evergreen trees. Deciduous tree species arc prominent in dry 
to moist high and scrub forests of the eastern Cape 
(Philipson 1987). The species are widespread and occur at 
high densities in places (Story 1952). The eastern Cape has 
been described as an ecological tension zone due mainly to 
climatic instability (Gibbs Russell & Robinson 1981; 
Everard 1987). Most of the area is underlain by relatively 
nutrient-rich substrates (Johnson & Keyser 1976). In con-
trast, the southern Cape forest flora contains relatively few 
deciduous species and they arc usually confined to dry high 
and scrub forest on shale substrate, and they occur at low 
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densities (Geldenhuys 1993). 
The degree of deciduousness in plant communities has 
been attributed to various factors. A high degree of de-
ciduousness is seen as an adaptation to relatively long dry 
seasons in tropical areas (Dittus 1977; Webb 1959; Whit-
more 1978) or to seasons with temperatures below freezing 
point in temperate areas (Harder et al. 1965; Veblen et at. 
1979). Within specific geographical areas, plant commun-
ities are found which vary from being totally evergreen to 
having a high proportion of deciduousness. These gradients 
are attributed to soil fertility, available soil moisture and 
temperature fluctuations above freezing point. In Australia, 
Webb (1959, 1963, 1978) associated the complex seasonal 
rainforest (a mixture of deciduous and evergreen species) 
with a greater availability of nutrients (eutrophic soils) than 
in evergreen forest (oligotrophic soils), and not with rainfall. 
He associated evergreen rainforest with lower temperature 
and a higher availability of moisture throughout the year 
(Webb 1978). In Mexico, Goldberg (I 982a) associated 
patches of evergreen Quercus woodland within an area of 
subtropical deciduous forest between 600 and 1100 m above 
mean sea-level (a.s. l.) with more acid, infertile soil. Above 
1100 m the evergreen community occurs on all soil types. In 
Ghana, Hall and Swaine (1976) found a decreasing propor-
tion of deciduousness from the drier to the wetter forest 
types. Dittus (1977) placed the semi-evergreen forests of Sri 
Lanka, with the upper canopy deciduous and the lower 
layers evergreen, between the evergreen rainforest and 
deciduous monsoon forest. A high percentage of evergreen 
species (mostly gymnosperms, but also broad-leaved spe-
cies) in stands in Florida was correlated with low moisture 
content and nutrient content of the soil (Monk 1966). 
Webb (1959, 1978) noted that deciduousness is a featu re 
in specific species, by which the trees drop all their leaves 
annually for shorter or longer periods during the dry winter. 
Semi-evergreen or semi-deciduous species, on the other 
hand, arc facultatively deciduous only during more severe 
drought. Various criteria have been used to assess the 
relative ecological value of the characteristic of being 
evergreen or deciduous. Jackson (1978) hypothesized that 
leaf fall during periods of extreme differentials in rainfall or 
temperature is an adaptation to reduce the stress within the 
plant during such conditions. When stress due to the lack of 
moisture or to extreme temperature is not marked, the leaves 
are kept on the plant for photosynthesis until the new leaves 
are formed, and nutrients can be translocated from the old to 
the new leaves. Monk (1966) and Thomas and Grigal (1976) 
considered cvergreenncss as an adaptation for the gradual 
transfer of nutrients to the soil (more closed nutrient cycle) 
through leaching of nutrients from the leaves, continuous 
leaf fall, and slower mineralization. Van Daalen (1984) 
listed several benefits of evergreenness on nutrient-poor 
soils, such as a higher nutrient-use efficiency, a lower 
annual nutrient requirement and loss, a reduced annual cost 
of translocation of nutrients from senescent leaves and of 
synthesis and breakdown of nutrient storage compounds, 
and lower nutrient loss from the system by leaching. 
Goldberg (1982b) suggested that deciduous species are 
eliminated from oligotrophic soils owing to an intolerance 
of low nutrient levels, whereas evergreen species are 
eliminated from eutrophic soils through competition (lower 
growth rate resulting from high carbon costs and low photo-
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synthetic rate). However, she concluded that her growth data 
for mature trees did not provide evidence to support her 
hypothesis. In the temperate, mixed evergreen--deciduous 
forest of south-central Chile, the composition and density of 
the understorey vegetation is determined by the degree of 
leaf retention of trees in the canopy (Veblen et at. 1977, 
1979). This has important implications for the regeneration 
and establishment of the tree species. 
Ashton et a!. (1974) described the effects of the 1967/68 
drought on the vegetation (mainly Eucalyptus, Acacia and 
Casuarina) along a moisture gradient on Mount Towrong, 
Victoria. Damage to trees and shrubs was particularly severe 
in woodland on warm, rocky, western slopes, and in high 
forest on the edge of gullies. Damage was also greater in 
dense stands. They found it possible to arrange species 
along a drought tolerance gradient. Their study indicated 
that species distribution along the gradient is determined by 
mean as well as extreme conditions. 
Other causes of large-scale dicback of trees have been 
studied. Cohort decline of Metrosideros polymorpha stands 
in Hawaii was attributed to synchronized ageing (Mueller-
Dombois 1985). Extensive dieback of a wide variety of host 
plants worldwide, including M. polymorpha (Hodges el at. 
1986), has been associated with the root-rotting pathogen 
Phytophthora cin!Ulmomi (Podger 1972). In the southern 
Cape forests an important canopy tree, Ocotea bullata, 
showed severe dieback in waterlogged, disturbed si tes in 
association with P. cinnamomi (Ltibbe & Geldcnbuys 1990; 
Liibbe & Mostert 1991). In most cases, the pathogen attacks 
trees under stress through waterlogging or drought. 
A study was initiated during September 1983 in the east-
ern Cape, (a) to determine the relative importance of ever-
green and deciduous species in those forests; (b) to evaluate 
the relative contribution of soil ferti lity (available phos-
phorus, pH), temperature (alti tude a.s.l.) and soil moisture 
(total rainfall, aspect and slope, soil texture) to percentage 
deciduousness; (c) to record the reaction to and recovery 
from the severe drought by deciduous and evergreen trees of 
the forest canopy; (d) to determine the effect of the drought 
and subsequent rains on the mortality and recruitment of 
various species and consequently on the dynamics and 
future composition of the forests; and (e) to gain a better 
understanding of the dynamics and relative importance of 
deciduous and evergreen species in the climatically unstable 
eastern Cape and to interpret the relative insignificance of 
deciduousness in the southern Cape forests. 
In this paper, a deciduous tree was considered to be a tree 
which sheds all its leaves simul taneously and stays bare for 
longer or shorter periods. A semi-deciduous tree produces 
new foliage immediately prior to or after shedding the o ld 
leaves, especially during periods of drought. A semi-ever-
green tree is usually evergreen, but behaves as a semi-
deciduous tree during extreme droughts (Gcldenhuys 1993). 
Study area 
The study covered a rainfall gradient from East London near 
the coast (Umtiza Nature Reserve) to the Amatole fores ts 
near Stutterheim (Figure 1 ). The forests contain variable 
proportions of deciduous and evergreen species. In the 
Amatolc mountains [Highland Sourveld and Dohne Sour-
veld, Acocks's (1975) veld type 44), the forests of Pirie 
(valley bottom and slope), Cwencwe (plateau) and Isidenge 
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Figure 1 Landscape pro file of the study area between East London and the Amatole forest complex, with indication of the annual 
rainfall along the gradient, the distribution of indigenous evergreen fores t and scrubforest, and the approximate location of the study sites. 
TI1e profi le follows a north-westerly line between Ea~t London and Pirie forest, and a northerly line from Pirie forest to Kubusie Peak 
north of Isidenge forest. The study sites are mdicated as follows: UN, Umtiza Nature Reserve; PB, Pirie Buffalo River; PT, Pirie Trestle 
Bridge; PS, Pirie Sandile Krantz; MK, Murray's Krantt. Plateau; IB, Isidenge Barwa Forest; IS, Jsidenge Sandile Kop. 
(foot slope and ridge top) were included. In the Umtiza 
Nature Reserve [Transitional coastal forest, Acocks's (1975) 
veld type lei. a ridge top along the Buffalo Pass was 
sampled. 
The area is underlain by mudstone, shale and sandstone of 
the Balfour formation with Dolerite iniiusions (Johnson & 
Keyser 1976) . Soil depths vary owing to superficial dolerite 
sheets in places. The physiography is formed by a succes-
sion of terraces from 600 to 1400 m above sea-level. Rain-
fall increases from west to east along the Amatole range. 
The rainfall is relatively high along the coast, decreases 
inland but increases again in the Amatole mountains (Figure 
1). Rainfall varies from 800 to l 8<Xl mm. The total annual 
rainfall near Umtiza Nature Reserve varied during the 
period which preceded the study, as follows (rainy days in 
parentheses): 1979, 920 mm (177 days); 1980, 562 mm (156 
days); 198 1, 1051 mm (1 79 days); 1982, 634 mm (170 
days); and 1983, 618 mm (165 days). The long-term mean 
annual rainfall for the Umtiza area is 919 mm (157 days). 
Figure 2 shows the variation in mean rainfall per rainy day 
per month for the period 1979 - 1983 compared to the long-
term mean. The long-term mean rainfall per rainy day is 5.9 
mm, and for the period 1979 - 1983 it is 4.5 mm, i.e. much 
lower. 
Methods 
This opportunistic study had to be initiated quickly in order 
to catch the important changes in the vegetation at the end 
of the drought, within consiiaints of limited time, funds and 
manpower. Seven study sites were selected along the gra-
dient (Table 1). The sites had to be relatively similar in 
terms of slope, aspect and geology. In each site a plot of 20 
m x 40 m was demarcated in a homogenous forest stand on 
relatively level terrain. Each plot was subdivided into eight 
10 m x 10 m subplots. Trees with diameter at breast height 
(DBH) of ~5 em were measured, numbered and marked 
with lumber crayon at point of measurement, for remeasure-
ment. Each tree was recorded by species, DBH and crown 
condition. Crown condition was noted as full live foliage 
(4), half live foliage (3), sparse live foliage (2) and no live 
foliage (1). Canopy height was measured for each 20 m x 
20 m part of the plot. A composite soil sample was taken 
from each plot: from the upper 100 mm for chemical 
analysis and from the B-horizon for textural analysis. 
The plots were demarcated and first measured during 
early September !983, about six weeks after the drought had 
been broken. The first follow-up visit was made towards the 
end of February 1984 and thereafter annually until January 
1987. During these visits, notes were made of the behaviour 
of the !Ices and seedling regeneration of specific species. All 
IIees were remeasured in January 1987. Where seedling re-
generation was particularly abundant, the regeneration was 
sampled with the aid of twelve 0.5-m radius circular plots, 
i.e. six in each 20 x 20 m plot. In the Umtiza Nature 
Reserve these plots were marked permanently for follow-up 
visits, until December 1991. 
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Figure 2 Variation and general deficiency in mean rainfall per rainy day per month when compared to the long-term mean (1960 -
1985) for the area around the Umtiza Nature Reserve near East London (station 59/572-9). 
Table 1 Environmental information for the eastern Cape drought study sites 
Code Locality Grid Altitude (m) Aspect CO) Slope(") 
UN Umtiza Nature Reserve 33•01 'S 27"48'E 155 305 4 
PB Pirie Buffalo River 32°44'5 27"18'E 530 180 1 
)YJ' Pirie Trestle Bridge 32°44 '5 27"17'E 580 90 3 
PS Pirie Sandile Krantz 32°43'5 27"18'E 660 255 8 
MK Murray' s Kranz Plateau 32°43'$ 27°18' E 880 109 6 
IB lsidenge Barwa Forest 32°40'5 27°18' E 900 210 7 
IS lsidenge Sandile Kop 32°38'$ 27°17'E 11 60 253 9 
Results sites. The Isidenge Sandile Kop site has a very low non-
Stand characteristics and species composition 
The lloristic (Appendix 1) and structural (Table 2) composi-
tion of the stands in the swdy sites change dramatically 
from the low forest near East London to the low to high 
AmaLOie forests. The stand in Umtiza Nature Reserve is 
very different from the other stands - it contains several 
species which are not present in the Amatole forest stands, 
canopy height is relatively low, stand density is very high, 
and ;;;a.?O% of the stems arc < 10 em DBH. Structurally, the 
Pirie Buffalo River stand is more similar to the stand in 
Umtiza Nature Reserve than to the Amatole stands. A more 
gradual change in stand composition occurs from the Pirie 
to Isidenge forests. 
The species list (Appendix 1) includes twelve deciduous 
and eight semi-deciduous species which were recorded on 
the seven sites. The data on the deciduous or semi-decidu-
ous component do not show any significant trends, neither 
in absolute nor in relative values for number of stems, basal 
area or number of species, although the values lluctuate 
between sites (Table 2) . Total importance value (IV) for 
non-evergreenness (values for deciduous and semi-decidu-
ous components combined) indicates high values for the 
sites at Pirie Trestle Bridge and Isidcnge Barwa Forest. The 
Pirie Sandile Krantz site has the highest IV for semi-decidu-
ousness . The three sites occur in very different situations, 
and arc neither very similar to nor different from the other 
evergreen component. 
Physical and chemical site conditions 
Textural and chemical data show very minor differences 
between the sites (Table 3; no statistical tests were con-
ducted). The Umtiza site has a high proportion of fine silt 
with the high clay content, which is in contrast to the 
Amatole forest sites, which have a small proportion of fine 
silt and a high proportion of coarse silt LOgether with the 
high clay content. The pH of the sites is high in comparison 
to the 3.5 - 4.4 of the forest sites of the southern Cape (Van 
Daalen 1984). Note also the higher phosphorus and lower 
organic carbon levels of the Pirie Buffalo and Pirie Trestle 
Bridge sites (and to a lesser extent the lsidenge Barwa 
Forest site). These three sites show much earthworm ac-
tivity. 
General observations of drought impacts 
The most severe visual impact during the first visit was seen 
at Umtiza Nature Reserve. An external view over the forest, 
from the Buffalo Pass across the valley north of the study 
site, indicated a brownish to yellow forest canopy. Closer 
inspection revealed that trees of the deciduous Ptaeroxylon 
obliquum had already flowered and were in full leaf, and 
that other deciduous or semi-deciduous species were either 
flu shing or loosing leaves. Most evergreen trees were 
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covered in dead leaves which were still attached to the whatsoever. In the Amatole area, the Pirie valley (area 
branches and twigs, but the evergreen Buxus macowanii did around the Buffalo River and Tres tle Bridge) appeared to be 
no t show visual signs of being affected by the drought most severely affecled. However, stands of Pinus elliottii, P. 
Table 2 Stand characteristics of the eastern Cape drought study sites 
Study site• 
UN PB PT PS MK IB IS 
Canopy height (m) 8.5 13.0 19.8 24.3 20.0 22.8 23.5 
Density (stems/ha) 4000 2850 1988 1550 1038 1700 1625 
DBH classes 
5 - 9 em (stems/ha) 2838 1813 1127 838 375 975 713 
10 - 14 em (stems/ha) 837 488 375 263 238 338 313 
15 - 19 em (stems/ha) 225 287 100 150 113 175 200 
20 - 29 em (stems/ha) 100 225 162 125 163 100 187 
30 - 39 em (stems/ha) 0 25 137 50 87 37 75 
40+ em (stems/ha) 0 12 87 124 62 75 137 
Stems <10 em DBH (%of total) 71 64 57 54 36 57 44 
Stems >30 em DBH (%of total) 0 11 11 14 7 13 
DBH mean tree (em) 9.7 12.2 18.7 21.5 24.9 17.8 23.0 
Basal area (m2/ha) 29.4 33.3 54.4 56.1 50.4 42.5 67.4 
Number of species 25 26 23 20 18 30 23 
Deciduousness 
Number of stems (%) 9.1 3.9 4.4 4.0 6.0 10.3 0.8 
Basal area (%) 12.9 10.1 15.8 25.1 5.5 16.0 0.0 
Number species (%) 16.0 15.4 13.0 15.0 16.7 13.3 4.4 
Importance valueb (%) 12.7 9.8 11.1 14.7 9.4 13.2 1.7 
Semi-deciduousness 
Number of stems(%) 2.5 3.9 11.3 4.0 9.6 27.2 6.9 
Basal area (%) 5.6 5.6 44.6 18.5 10.2 15.1 4.7 
Number species(%) 12.0 11.5 21.7 10.0 16.7 13.3 13.0 
Importance valueb (%) 6 .7 7.0 25.9 10.8 12.2 18.5 8.2 
• UN, Umtiza Nature Reserve; PB, Pirie Buffalo River; PT, Pirie Trestle Bridge; PS, Pirie Sandile 
Krantz; MK, Murray's Krantz Plateau; IB , Isidenge Barwa Forest; IS, Isidenge Sandile Kop. 
b Importance value, calculated as (relative stems + relative basal area + relative species) I 3. 
Table 3 Physical and chemical data for the eastern Cape drough t study sites 
Study site' 
UN PB PT PS MK IB IS 
Soil texture B-horizon (%) 
Coarse-grained sand 4 I 2 1 0 1 
Medium-grained sand 7 3 2 1 1 1 3 
Fine-grained sand 12 17 11 3 3 16 2 
Very fine-grained sand 13 14 18 8 6 14 5 
Coarse silt 0 35 49 45 21 29 22 
Hoe silt 28 6 6 5 14 11 8 
Clay 36 24 12 38 15 30 59 
Soil chemistry A-horizon 
pH, 1-120 6.80 6.46 5.82 6.58 6.85 6.50 6.27 
pH, KCI 5.95 5.47 4.66 5.62 5.67 5.64 5.46 
Conductivity (ms/cm) 0.57 0.20 0. 14 0.41 0.34 0.30 0.46 
Organic matter(%) 8.85 4.56 3.08 7.63 7.24 6.96 6.96 
Organic carbon (%) 5.13 2.64 1.79 4.43 4.20 4.04 4.04 
E.A. (meq/100 g) 0.12 0.06 0. 12 0.10 0.04 0.10 0.06 
Aluminium (p.p.m.) 4 0 3 0 0 2 0 
Phosphorus, Bray 2 (p.p.m.) 1.4 5.2 4.8 2.2 2.6 4.0 2.8 
• UN, Umti7.a Nature Reserve; PB, Pirie Buffalo River; PT, Pirie Trestle Bridge; PS, Pirie Sandile 
Krantz; MK, Murray's Krantz Plateau; IB, lsidenge Barwa Forest; IS, lsidenge Sandile Kop. 
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patula and Acacia mearnsii, i.e. introduced tree species in 
plantation stands just outside the south-eastern margin of the 
forest, were visually more adversely affected than the adja-
cent forest, and were subsequently clearfelled. 
Seven months later, during the second visit, dramatic 
changes were observed at the Umtiza Nature Reserve site. 
The stand had been invaded by an insect, resulting in a 
curtain of silky threads filling the understorey space, and 
many larvae hanging at the end of threads as they lowered 
themselves to pupate in the ground. The trees and saplings 
of Buxus macowanii had almost completely been defoliated 
by the larvae. No other tree species were defoliated. Larvae 
and moths were collected and sent [by the nearby Agricul-
tural (Pineapple) Research Station (Ace. No. 493)] to the 
British Museum for identification. The insect was identified 
as a Palpita species of the Pyraustidae (Lepidoptera). This 
species was never collected in the lights of insect traps at 
the research station, even during the period of abundance. 
Three other species were, however, collected from the 
lights: Palpita ectargyralis Hampson, P. unionalis (Hiibncr) 
and another Palpita species. It was, therefore, not possible 
to determine whether this particular Palpita outbreak was a 
regular occurrence or an infrequent event associated with 
the breaking of the extreme drought. 
The other evergreen trees at the Umtiza Nature Reserve 
site were recovering by various types of coppicing. The 
almost bare forest floor of the first visit was covered by a 
carpet of seedlings of Ptaeroxylon obliquum. 
Observations on the behaviour of different tree species at 
the peak of the drought and about seven months after the 
first good rains are summarized in Table 4. Some species 
were recorded in several categories, i.e. they showed much 
variation in response. In general, species which produced 
new leaves, dropped leaves, or flowered, were deciduous or 
semi-deciduous species. Most species with dry, dead leaves 
in the crown were evergreen species, except for a few semi-
deciduous species. A few trees of the deciduous Celtis 
africana outside the study sites (Cwencwe forest east of 
Table 4 Summary of observations on the response of species at the peak of the 
drough t (shortly after first rains), and seven months after first good rains, ove r all the 
eastern Cape drought study si tes. Category 4 includes trees with >50% live fo liage 
Reaction of species to drought (September 1983, at peak of drought) 
Species producing new leaves (") and/or dropping old leaves (1) 
Apodytes dimidiata ("1), Calodendrum capense C), Canthium inerme (!), Canthium mundianum ("), 
Celtis africana ("!), Commiphora harvey! n. Cussonia spicata ("), Dalbergia obovata n. Ficus 
sur ("!), 1/arpephyllum caffrum C), Nuxia congesta ("), Ptaeroxylon obliquum n. Rhus chinn-
densis ("!), Scotopia zeyheri ("1), Zanthc.xylum capense n. Zanthoxylum davyL (I) 
Species flowering in abundance 
Protorhus longifolia 
Species with dry, dead leaves in crown 
Category 1 (no live leaves) Category 2 (<25% live leaves) 
Cassine aethiopica 
Cassine crocea 
Cassine papillosa 
Dwspyros scabrida 
Hippobromus paucijlorus 
Olea woodiana 
Psydrax obovata 
Rapanea melanophloeos 
Scolopia mundii 
Trichocladus elhpt1cus 
Xymalos monospora 
Species with sparse crown 
Category 1 
Nuxw floribunda 
Olea europaea afncana 
Cassine aethiopica 
Chionanthus foveolatus 
Olea woodiana 
Umtiza listeriana 
Xymalos monospora 
Category 2 
flex mais 
Nuxia floribunda 
Olea capensis macrocarpa 
Pleurostylw capensts 
Response of badly affected species towards February 1984 
Sprouting in crown and on stem 
Category 3 (25-50% live leaves) 
Burchellia bubalina 
Curtisia dentata 
Psydrax obovata 
Scolopia mundii 
Trichocladus e/lipticus 
Xymalos monospora 
Category 3 
Buddleja saligna 
Kiggelaria africana 
Nuxia floribunda (leaves yellowish) 
Oiima vmtosa 
Vepris lanceolata 
Cassine aethiopica, Hippobromus paucijlorus, Nuxw flonbunda, Olea woodiana, Scolopia mundil, 
Umtiza listenana, Xymalos monospora 
Sprouting in crown only 
Cassine crocea, Cassine papillosa, /lex mitis, Nuxta floribunda , Psydrax obovata, Umtiza 
listeriana 
Basal stem sprouting, crown dead 
Rapanea melanophloeos, Nuxia floribunda, Xyma/os monospora 
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Pirie forest) were observed no t to have produced new 
leaves, and !.hey eventually died. The coppice on some trees 
of Xymalos monospora was browsed, presumably by insects. 
Response patterns of trees by species and diameter 
class 
In total, 236 trees were recorded in categories I - 3, during 
either or both initial observation periods (September 1983 
and February 1984). Of these, only 47 trees had died by 
January 1987. Species which contained several trees in two 
or more crown condition categories during September 1983, 
are listed in Table 5 to indicate their response until the last 
inspection during January 1987. The decline and/or recovery 
of trees varied with different species. Relatively few trees 
which had been recorded in category 1 in September 1983, 
were considered to be dead in January 1987. However, some 
trees in higher categories deteriorated and eventually died. 
For example, 24 of Lhe dead trees were classified in category 
4, i.e. full foliage, during both initial observation periods: 
eight plants each of Buxus macowanii and Trichocladus 
ellipticus, four plants of Xymalos monospora, two plants of 
Rapanea melanophloeos, and one plant each of Maytenus 
nemorosa and M. peduncularis. Some trees first improved 
slightly, but later deteriorated. 
The numbers of dead trees recorded in January 1987 are 
listed by species in Table 6. The mortality rate was 6.0% for 
all trees, 6.8% for evergreen trees, 1.1% for semi-evergreen 
trees and 1.4% for deciduous trees. For some species, the 
Table 5 Response patterns of selected species (with 
several trees in two or more categories in 1983) as 
observed over all the eastern Cape drought study sites 
during September 1983, February 1984 and January 
1987 
Species 
Diospyros scabrida 
Nuxia floribunda 
Olea woodiana 
Scolopia mundii 
Trichoclodus ellipticus 
Umtiza listeriana 
Xymalos monospora 
Category ', Feb. 1984 Number of 
Category ' --------
Sep. 1983 
I 
2 
2 
3 
4 
1 
2 
3 
1 
3 
4 
2 
4 
1 
2 
2 
3 
4 
2 3 4 
Number of lrccs 
5 
2 
2 
11 19 
1 6 
4 
3 
2 6 
4 
3 
2 
7 
6 
3 
7 
27 
4 
5 
1 
8 
9 
6 
7 
7 
8 
dead lrees 
Jan. 1987 
5 
1 
3 
0 
0 
0 
0 
2 
0 
I 
0 
8 
9 
1 
4 
4 
1 
4 
' Categories: 1, no live foliage; 2, <25% live foliage; 3, 26 - 50% 
live foliage; 4, >50% live foliage. 
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dead trees form a large proportion of the stems of the spe-
cies, i.e. the survival of the species is adversely affected. 
This includes the relatively rare endemic Umtiza listeriana. 
Table 7 indicates how the mortality of trees affects the 
size structure of the stands. Proportionately, the larger trees 
are more severely affected. In the Umtiza Nature Reserve 
site, most of the saplings, i.e. plants <5 em DBH, of the 
insect-defoliated Buxus macowanii, were dead by January 
1985. The following numbers were counted: 114 dead plants 
in the first 20 x 20 m plot; 19 dead plants in the second 
plot. 
The increment over 40 months of trees of evergreen, 
semi-deciduous and deciduous species was calculated for 
the different sites (Table 8). Only trees which survived the 
drought were included in the analyses. The trees of the 
Murray's Kranz Plateau site were not measured in January 
1987 because of lack of time and the absence of dead trees. 
Increment was expressed as percentage of the basal area per 
plot, or as percentage of the basal area of each tree. It must 
be noted that the short measuring period for trees with such 
slow diameter growth requires cautious interpretation of 
actual growth. The general trend is of more value. The 
percentage increment per plot and per tree does not vary 
much between the sites or between the evergreen, semi-
deciduous and deciduous species. Notable exceptions are the 
semi-deciduous and deciduous categories for the Umtiza 
site, and the Buffalo River and Sandile Krantz sites in Pirie. 
Table 6 Effect of the eastern Cape drought on the 
mortality of diHerent species over all the study sites, as 
recorded during January 1987 
Species 
Evergreen species 
Buxus macowanii 
Cassine aethiopica 
Cassine papillosa 
Chionanthus foveolatus 
Curtisia dentata 
Diospyros scabrida 
Maytenus heterophylla 
Maytenus nemorosa 
Maytenus peduncularis 
Nuxia jloribunda 
Olea woodiana 
Psydrax obovata 
Rapanea melanophloeos 
Scolopia mundii 
Trichocladus ellipticus 
Umtiza listeriana 
Xymalos monospora 
Semi-deciduous species 
Kiggelaria africana 
Deciduous species 
Ptaeroxylon obliquum 
All species 
>, Large trees. 
Number of 
dead slems 
69 
8 
2 
2 
1 
2 
6 
2 
1 
3 
2 
1 
3 
3> 
9 
10 
13> 
71 
Percenlage of lolal 
slems of species 
7 
8 
22 
33 
9 
20 
35 
4 
20 
13 
7 
5 
9 
21 
20 
3 
16 
14 
50 
1 
4 
6 
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Table 7 Mortality patterns by DBH c lasses for the different drought study sites, as 
recorded during January 1987 
DBH class (em) 
Sites•·b 5-9 10--14 15-19 20--29 30-39 40+ Total 
UN Number of dead stems 27 6 1 0 0 0 34 
(Eg = 33; Dd = 1Y %Mortality 12 9 6 11 
PB Number of dead stems 5 2 0 10 
(Eg = 10) %Mortality 4 5 6 50 100 4 
PT Number of dead stems 5 0 0 0 0 0 5 
(Eg = 5) %Mortality 6 3 
PS Number of dead stems 5 3 3 5 2 0 18 
(Eg = 17; SDd 1) %Mortality 7 14 25 50 75 15 
IB Number of dead stems 3 0 0 0 0 4 
(Eg = 4) %Mortality 4 4 3 
• UN, Umtiza Nature Reserve; PB, Pirie Buffalo River; PT, Pirie Trestle Bridge; PS, Pirie Sandile 
Krantz; IB, Isidenge Barwa forest. 
b The Murray's Kranz and Sandile Kop sites showed no mortality. 
c Number of stems: Eg, evergreen; Dd, deciduous; SOd, semi-deciduous. 
Table 8 Patterns in basal area increment over 40 months (September 1983 to 
January 1987) for evergreen, semi-deciduous and deciduous species over the 
different s ites 
Sites' UN PB PT PS IB IS 
Number of stems per hectare 
Evergreen 3100 2475 1612 1212 1012 1500 
Semi-deciduous 112 112 225 so 462 112 
Deciduous 350 112 87 62 175 12 
Basal area (m2/ha) 
Evergreen 21.86 23.70 21.27 26.39 26.69 63.97 
Semi -deciduous 1.52 2.14 24.22 9.02 6.84 3.39 
Deciduous 3.67 3.03 8.59 14.09 8.57 0.03 
Percentage increment per plot 
Evergreen 5.8 4.9 3.1 4.4 3.8 1.9 
Semi-deciduous 21.1 12.8 3.3 1.9 7.8 8.5 
Deciduous 16.8 1.6 3.9 4.6 4.9 0.0 
Mean percentage increment per tree 
Evergreen 5.4 4.1 2.8 8.5 5.1 3.9 
Semi ·deciduous 14.0 11 .1 5.3 7.0 8.7 9.2 
Deciduous 16.5 1.0 4.7 16.2 9.4 0.0 
Population standard deviation of 
percentage increment per tree 
Evergreen 7.1 5.7 4.4 9.1 5.2 4.9 
Semi-deciduous 14.0 8.1 8.8 8.9 6.7 5.9 
Deciduous 10.5 1.7 4.3 12.3 8.5 0.0 
Maximum percentage increment per tree 
Evergreen 36.1 34.2 32.3 42.2 30.2 23.5 
Semi-deciduous 37.5 26.0 40.5 22.3 27.5 17.4 
Deciduous 58.1 5.2 14.1 33.0 26.0 0.0 
• UN, Umtiza Nature Reserve; PB, Pirie Buffalo River, PT, Pirie Trestle Bridge; PS, Pirie Sandile 
Krantz; IB, Isidcnge Barwa forest; IS, Isidenge Sandile Kop. 
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Seedling regeneration 
Many seedlings of a few species had established by Febru-
ary 1984 in some of the sites (Table 9). The sites where 
seedlings had established were characterized by a relatively 
bare forest floor. Sites which had a reasonable cover of 
ground vegetation had very few regenerating tree seedlings. 
The coefficient of variation of mean densi ty is very high in 
all cases, probably owing to the clumped pattern of seedling 
distribution. 
A more detailed study was conducted of the seedling 
regeneration of Ptaeroxylon obliquum in the Umtiza Nature 
Reserve site. The significant difference in seedling density 
between plot 1 and plot 2 can be related to the differences in 
cover of ground vegetation, and the composition of the 
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Table 9 Density of newly established seedlings as observed during February 1984 
on some drought study sites, seven months after the drought 
Study site' UN PT PS IB 
Celtis africana Frequency (%) 100.0 58.3 
Mean density (m-2 ) 27.5 3.8 
cvb (%) 89.0 242.7 
Protorhus longifolia Frequency (%) 75.0 41.7 
Mean density (m-2) 3.4 0.6 
cvb (%) 99.6 129.1 
Ptaeroxylon obliquwn Frequency (%) 100.0 100.0 
Mean density (m-2) 51.0 34.5 
cvb (%) 94.0 86.9 
Trichocladus ellipticus Frequency (%) 100.0 100.0 91.7 
Mean density (m-2) 28.0 112.0 9.5 
cvb (%) 103.0 63.7 105.1 
Vepris lanceolata Frequency (%) 16.7 
Mean density (m-2 ) 3.6 
cvb (%) 291.7 
• UN, Umtiza Nature Reserve; PT, Pi.rie Treslle Bridge; PS, Pirie Sandile Krantz; IB, Isidenge Barwa 
Forest. 
b CV, Coefficient of variation. 
Table 10 Pattern of distribution of (a) stems ;:;.5 em DBH of common species, and 
(b) of seedlings of Ptaeroxylon obliquum, over the subplots in the drought study site 
in Umtiza Nature Reserve 
Subplot number: 1.1 1.2 1.3 1.4 2.1 2.2 2.3 2.4 
(a) Stems ;;.5 em DBH 
Buxus macowarui 10 17 
Cassme aelhtoptca 4 2 
Diospyros villosa 
Olea woodiana 5 9 
Ptaeroxylon obliquwn 3 
Umtiza listeliana 7 
Total 27 44 
(b) Ptaeroxylon seedlings 
Seedling plot 
2 
3 
4 
5 
6 
canopy (Table 10). Total stand density did not differ 
between the two plots, but Buxus macowanii had a 
significantly higher stem density in plot 1, and Umtiza 
listeriana and Diospyros scabrida a higher densi ty in plot 2. 
Sapling density of Buxus macowanii before the inse{;t 
defoliation was also much higher in plot 1 than in plot 2 
(see number of dead saplings above). Furthermore, the 
ground cover in plot 1 was very sparse (<10%), whereas in 
plot 2 the cover of a variety of grass and herbaceous species 
was 50 - 80%. 
The percentage mortality of the Ptaeroxylon obliquum 
seedlings for the two plots in the Umtiza Nature Reserve 
Number of stems or plants 
29 25 6 6 5 
2 3 2 2 
2 6 5 5 
6 5 6 2 3 7 
6 I 5 7 3 
5 9 8 10 13 5 
56 48 39 40 42 31 
Plot I Plot2 
79 9 
24 9 
83 16 
113 26 
91 9 
19 3 
si te are indicated in Table 11. Initially, the mortality rate 
was higher in plot 2, but after eight years the mortality rate 
was very similar in the two plots. After January 1986 the 
leader shoots of most of the seedlings were removed, 
probably by inse{;ts, buL many of the plants recovered by 
sprouting. 
Discussion 
Relative contribution of environmental factors to 
percentage deciduousness 
The results from the study do not show any significant 
relationship between percentage deciduousness (expressed 
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Table 11 Mortality rate of Ptaeroxylon obliquum seed-
lings in the drought study site in Umtiza Nature Reserve 
Plot 1 Plot 2 
Height Density Mortality• Height Density Mortality• 
Date (em) (m-2) (%) (em) (m-2) (%) 
1984-02 10 84.03 10 15.28 
1985-01 17 76.65 8.78 16 12.94 15.31 
1986-01 19 68.75 10.31 14 10.40 19.63 
1988-10 17 48.64 29.25 22 6.79 34.71 
1991 -11 28.27 41.88 5.31 21.80 
Mortality 1 984-02 to 1991-11 66.36 65.25 
• Mortality rate since previous recording of seedlings. 
in terms of number of stems, basal area, number of species 
or importance values) and temperature (altitude), soil 
moisture (pH) or soil fertility (available phosphorus), i.e. all 
correlation coefficients were less than 0.66. However, in 
comparison with the southern Cape forest soils (Van Daalen 
1984), the soils of the study area have a higher pH, and a 
much higher clay and si lt content, but a lower organic 
carbon content. The fertility status of the soils of the study 
area is higher than that of the southern Cape soils, and could 
explain the higher proportion of deciduous individuals and 
species in the eastern Cape forests. 
Response of tree species to drought 
The general resilience of most species to the severe drought 
was striking, and in sharp contrast to the low tolerance of 
the introduced pines and wattles. The indigenous tree 
species, and particularly the evergreen and deciduous 
groups, exhibited very different response and recovery 
strategies during and after the drought. 
Direct effects of the drought depended on the species and 
size of a tree. The truly evergreen trees, except Bux.us maco-
wanii, were most adversely affected. Their leaves died on 
the tree. The trees probably attempted to sustain the physio-
logical processes without proper mechanisms to reserve the 
dwindling resources within the plant, or to restore the plant 
resources through uptake by the roots. B. macowanii has 
small, sclerophyllous leaves, which may enable the species 
to tolerate the extreme drought. However, many of the other 
evergreen species are considered as sclerophyllous, or 
closely related to sclerophyll species tested by Van Daalen 
(1984). All the species which reacted to the drought by 
dropping their lea ves (Table 4) were either known decidu-
ous or semi-deciduous species (Appendix 1; Palgrave 1977), 
or could be considered as semi-evergreen, i.e. they behave 
as semi-deciduous species under severe moisture stress, such 
as Nuxia congesta and Scolopia zeyheri. 
The adverse response of some tree species, such as Nux.ia 
floribunda and Scolopia mundii, was surprising, because 
they often occur in rather dry sites. However, most of the 
mortality of these species occurred in the Pirie Buffalo 
River site, which is close to the stream. The trees may have 
become used to the ample supply of water seeping down to 
the stream, and were more adversely affected during the 
drought than trees which are used to a less regular supply of 
water on drier slopes. 
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Indirect impacts of the drought on trees are also important 
to unders tand the interaction between deciduous and ever-
green species, as was shown by the defoliation of Bux.us 
macowanii by the phytophagous insect, a Palpita species. 
The outbreak of the Palpita population was probably 
triggered by the sudden change in moisture conditions 
caused by the heavy rains of July 1983, as is found with 
outbreaks of locusts (Price 1988). Mattson and Haack 
(1987) suggested that drought-stressed plants experience 
increased temperature, acoustic emissions, stress metabolites 
and osmolytes, soluble sugars and nitrogen, and secondary 
compounds, and decreased growth, water content and resist-
ance mechanisms. Such conditions in the host plant provide 
improved nutrition (especially soluble nitrogen), thermal 
environment and several other favourable conditions which 
would favour an insect outbreak. The inability of the light 
traps at the Agricultural Research Station to attract this 
Palpita species makes it impossible to determine a possible 
relationship between extreme droughts, explosive outbreaks 
of the insect and associated collapses in the Bux.us 
macowanii population. 
The recovery of deciduous and semi-deciduous species 
was very effective. Only two trees, one deciduous 
(Ptaeroxylon obliquum) and the other semi-deciduous 
(Kiggelaria africana), died during the study period (Table 
6). Furthermore, all the species which responded with 
abundant seedling regeneration are deciduous or semi-
deciduous species, except Trichocladus ellipticus (Table 9). 
The best example of positive response is the deciduous 
Ptaeroxylon obliquum. Bews and Aitken (1923, 1925) 
indicated that the species showed much variation in its water 
economy, and this may relate to its ability to adapt to a wide 
range of site conditions. During this study it flushed in 
leaves and flowered very soon after the July 1983 rains, and 
after seven months its seedlings occurred in abundance in 
both sites where the species was present. It occupied the 
open spaces on the forest floor where the dense stands of 
Buxus macowanii, which apparently inhibited the develop-
ment of a ground cover and seedling establishment (personal 
observation; Table 10), were defoliated. After eight years a 
relatively large number of seedlings were sti ll surviving, 
some of which could contribute to a significant proportion 
of the canopy in future years, similar to the stand described 
by Geldenhuys (1977) in the Alexandria forest. This process 
may restore the status of the species in the eastern Cape 
forests after its earlier over-uti lization for fence posts, 
building material and railway sleepers (Palmer & Pitman 
1972; Wells 1973). 
The evergreen species either responded slowly by pro-
ducing new leaves, or coppiced either by crown, stem or 
basal sprouts. The sprouting behaviour of some species, 
such as Xymalos monospora and Umtiza listeriana, may 
contribute to the multi-stemmed nature of many of the trees. 
The Pirie Sandile Krantz site is a typical Amatole forest site 
in which X. monospora dominates the stand or constitutes a 
large proportion of the stand. The site is normally very wet 
because of surface seepage as a result of the many dolorite 
boulders. Trees of X. monospora in this site were affected 
more adversely, probably because of the severe effect of the 
drought on the water reserves of the shallow soils. The 
stored reserves within the trees were presumably further 
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affected by insect herbivory on the coppice shoots. This 
probably inhibited the recovery of some trees (Table 5). 
The faster growth of the deciduous compared with the 
evergreen trees, which was only evident in some sites (Table 
8), may indicate that deciduous trees on entrophic soils may 
have a competitive advantage over evergreen trees under 
drought stress, as was suggested by Goldberg (1982b). This 
additional stress may have been the cause of the death of 
some evergreen trees which apparently recovered but which 
died eventually (Table 5). 
Effect of mortality and recruitment patterns on forest 
change 
The resuiLs indicate that some important changes have 
occurred in the floristic and structural composition of the 
forests at Umtiza and Pirie during the study period, which 
can be related to the drought. The deciduous and semi-
deciduous species have benefitted from the drought through 
adaptations which minimized the adverse effects and en-
abled a faster recovery of the plant itself and of the 
population through seedling regeneration, as was indicated 
earlier. The implication is that an extreme drought is an 
important disturbance factor in the dynamics of such forests, 
and may change the future dominance of the forest in favour 
of deciduous species. 
Conclusions 
The study supports the hypothesis that deciduous species in 
general are better adapted than evergreen species to survive 
severe droughts, to gain competitive advantage over ever-
green species after the drought, and to occupy the gaps 
caused by mortality of evergreen trees. The episodic, 
extreme drought affected the floristic and structural compo-
sition of the forest. Many evergreen trees of all sizes died. 
The evergreen canopy-dominant Buxus macowanii in the 
Umtiza Nature Reserve was defoliated en masse by plant-
eating insects which caused high mortality of saplings and 
trees. Several deciduous and semi-deciduous trees recovered 
rapidly and regenerated en masse. 
This was an opportunistic study of seemingly stochastic 
events. Being present in the right place at the right time 
provided opportunities to observe and record ecological 
events which had impacts on the present and fuwre compo-
sition of the stands. Without being present, the observed 
composition and changes could have been attributed to o ther 
factors, such as site conditions. However, the study could 
only indicate general trends. It lacks rigorous statistical 
testing, or well-planned controlled pot experiments to obtain 
physiological explanations for the observed responses. Two 
ques tions arise: Will we ever be able to reliably predict the 
dynamics of forest communities, given the importance of 
such episodic events? How do we cater for such episodic 
events in ecological research? 
Acknowledgements 
The study formed part of the Conservation Forestry 
Research Programme of the Deparunent of Water Affairs 
and Forestry (Forestry Branch), who also funded the study. 
The cooperation of the State foresters in charge of the 
Umtiza Nature Reserve, messrs Manic Stccnkamp and Paul 
Gobetz, in the demarcation and control of the plots at 
S.-Afr.Tydskr.Plantk., 1993, 59(5) 
Umtiza Nature Reserve, and various foresters in the Ama-
tole forest area, is hereby acknowledged. Dr Dave Everard 
and anonymous referees provided constructive and useful 
comments. 
References 
ACOCKS, J .P.H. 1975. Veld types of South Africa. Mem. bot. 
Surv. S. Afr. 40, 128 pp. Government Printer, Pretoria. 
ASHTON, D.H., BOND, H. & MORRIS, G.C. 1974. Drought 
damage on Mount Towrong, Victoria. Proc. Linn. Soc. N.S.W. 
100: 44 - 69. 
BEWS, J.W. & AITKEN, R.D. 1923. Some experiments on the 
rate of water-loss during the drying of leaves. In: Researches 
on the vegetation of Natal, Series 1. Mem. bot. Surv. S. Afr. 5: 
44 - 56. 
BEWS, J .W. & AITKEN, R.D. 1925. The water relations of some 
Natal plants, with special reference to the leaves of 'Ptaeroxy-
lon utile' and 'Portulacaria afra'. In: Researches on the 
vegetation of Natal, Series 1. Mem. bot. Surv. S. Afr. 8: 5 - 34. 
DITTUS, W.P.J. 1977. The ecology of a semi-evergreen forest 
community in Sri Lanka. Biotropica 9: 268 - 286. 
EVERARD, D.A. 1987. A classification of the subtropical transi-
tional thicket in the eastern Cape, based on syntaxonomic and 
structural attribu tes. S. Afr. J. Bot. 53: 329 - 340. 
GELDENHUYS, C.J. 1977. Die aanwas van Ptaeroxylon obli-
quum in die Alexandriabos, Oos-Kaap. S. Afr. Forest. J. 102: 
83 - 87. 
GELDENHUYS, C.J . 1993. Floristic composition of the southern 
Cape forests with an annotated check-list. S. Afr. J. Bot. 59: 26 
- 44. 
GIBBS RUSSELL, G.E. & ROBINSON, E.R. 1981. Phytogeogra-
phy and speciation in the vegetation of the eastern Cape. Eo-
thalia 13: 467-472. 
GOLDBERG, D.E. 1982a. The distribution of evergreen and 
deciduous trees relative to soil type: an example from the 
Sierra Madre, Mexico, and a general model. Ecology 63: 942 -
951. 
GOLDBERG, D.E. 1982b. Comparison of factors determining 
growth rates of deciduous versus broad-leaf evergreen trees. 
Am. Midi. NaJ. 108, 133 - 143. 
GRINDLEY, J.R. 1988. Summary and proposals. In: Towards an 
environmental plan for the Eastern Cape, Proceedings of a 
Conference, eds. M.N. Bruton & F.W. Gess, pp. 442 - 463. 
Rhodes University, Grahamstown. 
HALL, J.B. & SWAINE, M.D. 1976. Classification and ecology 
of closed-canopy forest in Ghana. J. Ecol. 64: 913 - 951. 
HARDER, R., SCHUMACHER, W., FIRBAS, F. & VON 
DENFFER, D. 1965, Strassburger's Textbook of Botany, 846 
pp. Longmans, London. 
HODGES, C.S., ADEE, K.T ., STEIN, J.D., WOOD, H.B. & 
DOTY, R.D. 1986. Decline of Ohia (Metrosideros poly-
morpha) in Hawaii: a review. General Technical Report PSW-
86, Pacific Southwest Forest and Range Experiment Station, 
Forest Service, U.S. Department of Agriculture, Berkeley, CA. 
22 pp. 
JACKSON, J.F. 1978. Seasonality of flowering and leaf-fall in a 
Brazilian subtropical lower montane moist forest. Biotropica 
10: 38 - 42. 
JOHNSON, M.R. & KEYSER, A.W. 1976. Explanatory notes: 
3226 King William's Town geological map, 1:250 000 Geo-
logical series. Government Printer, Pretoria. 
LOBBE, W.A. & GELDENHUYS, C.J. 1990. Decline and mortal-
ity of Ocotea bulla/a trees in the southern Cape forests. S. Afr. 
Forest. J. !54: 7- 14. 
LOBBE, W.A. & MOSTERT, G.P. 1991. Rate of Ocotea bullaJa 
decline in association with Phytophthora cinnamomi at three 
S.Afr.J.Bot.,l993, 59(5) 
sites in the southern Cape indigenous forests. S . Afr. Forest. J. 
159: 17-24. 
MATTSON, W.J. & HAACK, R.A. 1987. The role of drought in 
outbreaks of plant-eating insects. BioScience 37: 110 - 118. 
MONK, C.D. 1966. An ecological significance of evergreenness. 
Ecology 47: 504- 505 . 
MUELLER-DOMBOIS, D. 1985. Ohi'a dieback in Hawaii: 1984 
synthesis and evaluation. Pacif. Sci. 38: 150 - 170. 
PALGRAVE, K.C. 1977. Tree.~ of southern Africa, 959 pp. Struik, 
Cape Town. 
PALMER. E. & PITMAN. N. 1972. Trees of Southern Africa, 
Vol. 3. Balkema, Cape Town. 
PHILIPSON, P.B. 1987. A checklist of vascular plants of the 
Amatole Mountains, eastern Cape Province/Ciskei. Bothalia 
17: 237 - 256. 
PODGER, F.D. 1972. Phytophthora cinnamomi, a cause of lethal 
disease in indigenous plant communities in Western Australia. 
Phytopathology 62: 9. 
PRICE, R.E. 1988. The life-cycle of the brown locust, with 
reference to egg viability. In: Proceedings of the Locust 
Symposium, eds. B. McKenzie & M. Longridge. South African 
Institute of Ecologists Bulletin, special issue. 
STORY, R. 1952. Botanical survey of the Keiskammahoek 
District. Mem. bot . Surv. S. Afr. No. 27. 
THOMAS, W.A. & GRTGAL, D.F. 1976. Phosphorus conserva-
tion by ever greenness of mountain laurel. Oilws 27: I 9 - 26. 
533 
VAN DAALEN, J.C. 1984. Distinguishing features of forest 
species on nutrient-poor soils in the southern Cape. Bothalia 
15: 229- 239. 
VEBLEN, T.T., ASHTON, D.H., SCHLEGEL, F.M. & VEBLEN, 
A.T . 1977. Distribution and dominance of species in the under-
storey of a mixed evergreen-{jeciduous Nothofagus forest in 
south-central Chile. J. Ecol. 65: 815- 830. 
VEBLEN, T.T., VEBLEN, A.T. & SCHLEGEL, F.M. 1979. 
Understorey patterns in mixed evergreen-deciduous Notho-
fagus forests in Chile. J. Ecol. 67: 809 - 823. 
WEBB, L.J. 1959. A physiognomic classification of Australian 
rain forests. Ecology 47: 551 - 570. 
WEBB, L.J. 1963. The influence of soil parent materials on the 
nature and distribution of rain forests in south Queensland. 
Proceedings of Simposium on Ecological Research in Humid 
Tropics Vegetation, Koching, Sarawak, pp. 3 - 14. 
WEBB, L.J. 1978. A general classification of Australian rain-
forests . Aust. Pl. 9: 349 - 363. 
WELLS, M.J. 1973. The effect of the wagon building industry on 
the Amatole forests. B othalia 11: 153 - 157. 
WHITMORE, T.C. 1978. The forest ecosystems of Malaysia, 
Singapore and Brunei: description, functioning and research 
needs. In: Tropical Forest Ecosystems - a state of knowledge 
report. Prepared by UNESCO/UNEP/FAO, United Nations, 
Paris, pp. 641 - 653. 
Appendix 1 
Stem density and importance values of species in the eastern Cape drought survey 
Number of stems per 800-m2 plot' Relative 
Relative basal 
Species UN PB PT PS MK IB IS density area IVb 
Du:xus macowanii Otiv. 101 0 0 0 0 0 0 8.56 1.56 4.78 
Olea woodiana Knob!. 42 0 0 0 0 0 0 3.56 1.46 2.51 
Umtiza listeriana Sim 61 0 0 0 0 0 0 5.17 2.16 3.67 
•Ptaeroxylon obliquum (fhunb.) Radlk. 26 0 0 0 0 0 2.29 2.69 2.49 
Diospyros scabrido. (Harv. ex Hiem) De Winter var. 
cordata (E.Mey. ex A.OC) De Winter 17 0 0 0 0 0 0 1.44 0.24 0.84 
Maytenus undata (fhunb.) Blakelock 14 0 0 0 0 0 0 l.J9 0.35 0.77 
Psydrax obovata (Eckl. & Zeyh.) Bridson subsp. obovata 10 0 0 0 0 1 0 0.93 0.49 0.71 
1 Harpephy//um caffrum Bemh. ex Krauss 5 0 2 0 0 0 0 0.59 2.23 1.41 
Olea europaea L. subsp. africana (Mill.) P.S.Green 4 0 0 0 0 0 0 0.34 0.24 0.29 
Cassine aethiopica Thunb. 9 0 0 0 0 0 0 0.76 0.15 0.46 
Ch10nanthus foveolatus (E.Mey.) Stearn subsp. foveolatus 6 3 2 0 0 0 0 0.93 0.19 0.56 
Pleurostylia capensis (Turcz.) Oliv. 4 0 0 0 0 2 0.59 0.26 0.43 
Cassine papi//osa (Hochsl.) Kuntze 2 0 I 0 0 2 I 0.51 0.56 0.54 
Maytenus nemorosa (Eckl.& Zeyh .) Marais 3 0 0 0 0 2 5 0.85 0.14 0.50 
Maytenus heterophy/la (Eckl.& Zeyh.) N.K.B.Robson 3 0 0 0 3 18 2.12 0.58 1.35 
Trichocladus e/lipticus Eckl.& Zeyh. ex Walp. 0 115 85 49 35 21 4 26.19 6.99 16.59 
Nu:xia f/oribunda Benth. 0 29 11 1 0 0 0 3.47 5.83 4.65 
Olea capensis L. subsp. 1nacrocarpa (C.H.Wr.) Verdoom 0 18 11 3 3 4 7 3.90 6.59 5.25 
Podocarpus falcatus (I'hunb.) R.Br. ex Mirb. 0 8 2 1 I 6 1.61 5.16 3.39 
Diospyros whyteana (Hiem) EWhile 0 11 0 0 0 9 11 2.63 0.87 1.75 
Maytenus peduncularis (Sond.) Loes 0 6 0 0 0 0 2 0.68 0.63 0.66 
1Camhium inerme (L.f.) Kuntze 0 10 0 0 4 3 1.53 1.38 1.46 
*Rhus chirindensis Bak.f. 0 4 4 0 2 0 0.93 1.49 1.21 
Mimusops obovata Sond. 0 2 6 2 3 0 1.19 0.83 1.01 
Ochna arborea Burch. ex DC. var. arborea 1 0 4 0 0 1 0 0.51 0.23 0.37 
Scolopia mundii (Eckl.& Zeyh.) Warb. 0 3 I 0 0 2 9 1.27 2.73 2.00 
*Calodendrum capense (l...f.) 'lbunb. 0 3 1 0 I 0 0 0.42 0.84 0.63 
Rothmannia capensis Thunb. 0 0 5 4 2 0 0 0.93 1.05 0.99 
Xymalos monospora (Harv.) Bail!. 0 0 0 34 11 11 36 7.80 11 .35 9.58 
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Appendix 1 (Continued) 
Species 
Chionamhus peg/erae (C.H.Wr) Steam 
Cassipourea JWnaganii (Schinz) Alston 
Rapanea melanophloeos (L.) Mez 
tvepris /.anceolata (Lam.) D.Don 
*Camhium mundianum Cham. & Schlechtd. 
Podocarpus latifolius (Thunb.) R. Br. ex Mirb. 
tZanthoxylum davyi (Verdoorn) Waterm. 
*Celtis africana Burm.f. 
Curtisia dentata (Burm.f.) C.A.Sm. 
tApodytes dimidiata E. Mey. ex Am. subsp. dimuiiala 
tHippobromus pauciflorus (L.f.) Radlk. 
*Commiphora harveyi (Engl.) Engl. 
Nuxia congesta R.Br. ex Frcsen. 
Zamhoxylum capense (Thunb.) Harv. 
Cassine crocea (fhunb.) Kuntze 
Cussonia sp. 
*Trimeria trinervis Harv. 
* Allophy/us decipiens (Sond.) Radlk. 
Dovya/i s rotundifolia (Thunb.) Thunb. & Harv. 
*Gardenia thunbergia L.f. 
Suregada africana (Sond.) Kuntze 
*Camhium ci/UJtum (Klotzsch) Kunt1.e 
Eugenia zeyheri Harv. 
Buddleja saligna Willd. 
Burchellia bubalina (L.f.) Sims 
Scolopia zeyheri (Nees) Harv. 
Canthium pauciflorum (Klotzsch) Kuntze 
Pavetta lanceolata Eckl. 
tProtorhus longifolia (Bemh.) Engl. 
Strychnos henningsti Gilg 
*Ficus sur Forssk. 
Hyperacanthus amoenus (Sims) Bridson 
flex mttis (L.) Radlk. 
Oxyanthus speciosus DC. subsp. gerrardtL (Sond.) Bridson 
Scutta myrtina (Burm.f. ) Kurz 
tKiggelaria africana L. 
Olinia ventosa (L.) Cufod. 
Pittosporum viridiflorum Sims 
CunonUJ capensis L. 
*Englerodaphne pilosa Bunt Davy 
Psychotrta capensts (r.:.ckl.) Vatke var. capensis 
UN 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
() 
Number of stems per 800-m2 plot ' Relative 
PB 
0 
0 
3 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
I 
2 
2 
4 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
() 
0 
0 
PT 
0 
1 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
() 
0 
() 
0 
1 
3 
2 
2 
() 
0 
0 
0 
0 
0 
0 
0 
0 
PS MK 
7 0 
5 7 
0 4 
4 
0 0 
0 2 
0 5 
I 3 
2 0 
0 2 
0 0 
0 0 
0 0 
0 0 
0 0 
0 
0 0 
0 0 
0 0 
I 0 
0 0 
0 0 
0 0 
0 0 
0 I 
0 0 
I I 
0 0 
0 0 
0 0 
3 0 
0 I 
2 0 
2 0 
0 
0 
0 0 
0 0 
0 0 
0 0 
() 0 
Relative basal 
IB IS density 
0 0 0.59 
1 0 1.19 
5 4 1.19 
29 5 3.73 
7 0 0.59 
5 8 1.27 
3 1 0.76 
4 0 0.68 
2 6 0.85 
0 0 0.85 
0 0 0.17 
0 0 0.08 
0 0 0.08 
0 0 0.08 
0 0 0.08 
0 I 0.34 
0 0 0.08 
0 0 0.08 
0 0 0.08 
0 0 0.17 
0 0 0.08 
0 0 0.08 
0 0 0.17 
0 0 0.17 
0 0.34 
0 0 0.34 
2 0 0.42 
0 1 0.25 
0 0 0.25 
0 0 0.17 
0 0 0.42 
0 0 0.17 
0 1 0.25 
0 0 0.17 
0 0.17 
0 0.17 
0 0.08 
1 0 0.08 
0 2 0.08 
0 1 0.08 
0 0.08 
area 
1.54 
0.28 
1.51 
7.16 
0.11 
8.14 
0.82 
3.08 
1.48 
0.99 
0.02 
0.17 
0.05 
0.01 
0.04 
1.03 
0.06 
0.01 
0.03 
0.03 
0.01 
0.01 
0.02 
0.39 
0.09 
0.25 
0.06 
0.08 
2.87 
0.07 
3.60 
0.04 
0.16 
0.04 
0.06 
0.52 
1.87 
0.02 
3.96 
0.01 
0.01 
1.07 
0.74 
1.35 
5.45 
0.35 
4.71 
0.79 
1.88 
1.17 
0.92 
0.10 
0.13 
0.07 
0.05 
0 .06 
0.69 
O.D7 
0.05 
0.06 
0.10 
0.05 
0.05 
0.10 
0.28 
0.22 
0.30 
0.24 
0.17 
1.56 
0. 12 
2.01 
0.11 
0.21 
0.11 
0.12 
0.35 
0.98 
0.05 
2.02 
0.05 
0.05 
' UN, Umtiza Nature Reserve; PU, Pirie Buffalo River; PT. Pirie Trestle Bridge; PS, Pirie Sandilc Krantz; MK, Murray's Krantz Plateau; 
IB, lsidenge Barwa Forest; IS, Isidenge Sandile Kop. 
b Importance value (IV) = (Relative density + Relative basal area) I 2. 
* Deciduous species. 
t Semi-deciduous species. 
